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WINGLESS CONFIGURATION: NONLI_ING I

By Maxime A. Faget, BenJamine J. Garland,

and James J. Buglia

SUMMARY

This paper is concerned with the simple nonlifting satellite vehi-

cle which follows a ballistic path in reentering the atmosphere. An

attractive feature of such a vehicle is that the research and produc-

tion experiences of the ballistic-mlssile programs are applicable to its

design and construction, and since it follows a ballistic path, there

is a minlmnmrequirement for autopilot, guidance, or control equipment.

After comparing the loads that would be attained with man's allowable

loads, and after examining the heating and dynamic problems of several

specific shapes, it appears that, insofar as reentry and recovery are

concerned, the state of the art is sufficiently advanced so that it is

possible to proceed confidently with a manned-satellite project based

upon the ballistic-reentrytype of vehicle.

INTRODUCTION

This paper is concerned with the simple nonlifting satellite vehicle

which follows a ballistic path in reentering the atmosphere. An attrac-

tive feature of such a vehicle is that the research and production expe-

riences of the ballistic-missile programs are applicable to its design
and construction.

The ballistic reentry vehicle also has certain attractive operational

aspects which should be mentioned. Since it follows a ballistic path

there is a minimum requirement for autopilot, guidance, or control equip-

ment. This condition not only results in a weight saving but also elim-

inates the hazard of malfunction. In order to return to the earth from

orbit, the ballistic reentry vehicle must properly perform only one maneu-

ver. This maneuver is the initiation of reentry by firing the retrograde

rocket. Once this maneuver is completed (and from a safety standpoint

iSupersedes NACA Research Memorandum L58EO7a by Maxime A. Faget,

BenJamlne J. Garland, and James J. Buglia, 1958.
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alone it need not be done with a great deal of precision), the vehicle
will enter the earth's atmosphere. The success of the reentry is then
dependent only upon the inherent stability and structural integrity of
the vehicle. These are things of a passive nature and should be thor-
oughly checked out prior to the first man-carrying flight. Against
these advantages the disadvantage of large area landing by parachute
with no corrective control during the reentry must be considered.

In reference l, DeanR. Chapmanhas shownthat the minimumsever-
ity of the deceleration encountered during a ballistic reentry is related
to the fundamental nature of the planet. Thus it can be considered
a fortunate circumstance that mancan tolerate this deceleration with
sufficient engineering margin.

SYMBOLS
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D

W

CD

A

cN

c_

I

if

m

P

an

ax

lift

drag

weight

drag coefficient

cross-sectional area (frontal)

normal-force coefficient slope, per radian

lift-coefficient slope, per radian

pitching-moment coefficient slope, based on maximum diameter,

per radian

moment of inertia (general)

incidence angle of flap

mass

period

normal acceleration

acceleration (longitudinal)

R nose radius
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Sf

Rd

Tj

M

Cm

CN

d

q

Y

C_

flap surface area

Reynolds number based on diameter

thrust of jet

Mach number

pltching-moment coefficient

normal-force coefficient

diameter

dynamic pressure

distance

angle of attack

For aerodynamic coefficients, the frontal area is the reference area and

the diameter is the reference length.

DISCUSSION

Figure 1 shows man's approximate tolerance to "g" loads for sev-

eral positions in which he may be supported. The information shown was
obtained from reference 2. It should be noted that the tolerance to

acceleration varies for different individuals and that figure 1 does

not give a complete picture of the problem. It does, however, neatly

establish an approximate basis for consideration of the acceleration

loads to be described.

The deceleration history of a typical reentry is presented in fig-

ure 2. For this case the reentry angle is -0.8 ° and results in a maxi-

mum deceleration of 8.5g. It should be noted that the buildup in decel-

eration is very gradual and that the overall severity is well within

human tolerances. In fact, larger reentry angles resulting in _ more

severe deceleration history should be tolerable.

The longitudinal accelerations which may be encountered during

launching are presented in figure 3- The acceleration history shown

was calculated by using elements of a present-day balllstic-missile

propulsion system as a basis. The severity of this acceleration history

is approximately the same as the deceleration history in figure 2 and
is well within the human tolerance limit.
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The one maneuver which the ballistic reentry vehicle must perform

is the retrograde maneuver. This maneuver consists of deflecting the

orbit by the proper application of an impulse provided by the retrorocket.

The performance required from the retrorocket to initiate reentry

from a circular orbit of 800,000 feet altitude is shown in figure 4.

This figure shows the flight-path angle that would be obtained at the

350,O00-foot level when the retrorocket "kicks" the satellite with vari-

ous velocity changes. It can be seen that use of a rearward impulse is

nnlch more effective than a downward one. The downward one has some merit,

however, in that it would cause reentry to occur much sooner after the

impulse was applied. With a rearward impulse the satellite would travel

approximately halfway around the earth before reentering the atmosphere;

with a downward impulse the satellite would travel only about one-fourth

of the way around before reentry.

There are some particula_ advantages to be gained if reentry is ms_e

from an elliptical orbit. Figure _ is a schematic drawing of an ellipti-

cal orbit and will help illustrate this. The elliptical orbit has a

perigee point where it passes close to the earth's surface and an apogee

point which is 180 ° away and is the point of highest altitude. Inasmuch

as the satellite is closest to the earth at the perigee, the perigee

forms a bucket as far as determining the landing point is concerned.

Since the landing point naturally tends to be in vicinity of perigee,

the accuracy of the reentry maneuver is improved when the landing point

is purposely made in the vicinity of the perigee.

Inspection of figure _ suggests an interesting possibility. If the

satellite is given a moderate rate of spin about its longitudinal axis

at last-stage burnout, it can be attitude-stabillzed in space and will

be traveling exactly backwB_d at the apogee in the correct attitude for

firing the retrorockets. Also at the perigee it will be in the correct

nose-first attitude for entry. The required spin rates are well within

the tolerance of a supine or prone pilot. This technique of spin stabi-

lization might simplify considerably the guidance and control equipment

necessary for attitude stabilization.

Figure 6 shows the required performance of the retrorocket when

used in initiating reentry from the apogee of an elliptical orbit. It

can be seen that increasing the height of the apogee decreases the amount

of impulse required to produce a given reentry path angle.

During the last several years the National Advisory Committee for

Aeronautics has been intensively studying the important aerodynamic

aspects of ballistic-missile reentry bodies. Much of this work is

directly applicable to the problem at hand. Thus_ fairly well established

information is available to help inthe choice of the configuration for

the ballistic reentry vehicle. Table I summarizes some aerodynamic char-

acteristics for four different types of nose shapes.
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The nose shapes shown in table I are compared on a basis of equal

weight and diameter. A weight of 2,000 pounds was chosen as being reason-

able for the ballistic reentry satellite. A diameter of 7 feet was chosen

as being adequate for the occupant supported in the prone or supine posi-

tion. The aerodynamic characteristics shown in the table are those asso-

ciated with the forebodies (shown in the sketches by the solid lines).

The afterbodies are arbitrary shapes. Four different nose shapes are

shown. They are a hemisphere, a heavily blunted 15 ° cone, a 53 ° cone,

and a nearly flat nose consisting of a spherical segment. The position

of the neutral point and an arbitrary center-of-gravity location are

indicated for each of these noses.

Values of W/CDA , total heat input, and maximum heating rate are

also listed for these noses. The heating was computed for reentry

starting at 350,000 feet with a flight-path angle of -0.8 °. Computations

were based upon the methods shown in references 3 and 4 and the experi-

mental data presented in reference 5. It should be noted that the heating

is dependent upon both the shape and the value of W/CDA. The peak

heating rates are of an order of magnitude less than those experienced

by ballistic missiles. The other aerodynamic derivatives shown are of

interest when the motion of the body during reentry is considered.

The heating shown is based on the assumption that laminar flow exists

over the entire face of the nose. This assumption at least seems to be

Justified for the nearly flat nose, as is illustrated in figure 7. Fig-

ure 7 shows the variation of Reynolds number based on nose diameter with

Mach number for several possible reentry paths in which the initial

flight-path angle is varied from -0.5 ° to -2.5 °. Also shown are two

flights of rocket-powered models (refs. 6 and 7) in which laminar flow

was measured over the entire flat nose of the model. Although these

flights do not indicate the maximum Reynolds number which could be

obtained with laminar flow, they do show that laminar flow does exist

at Reynolds numbers greater than those which would be expected during

the reentry.

Based upon the foregoing statements, a specific configuration was

chosen in order to bring into focus some of the more detailed reentry

probiems. This configuration is shown in figure 8. This space capsule

is conceived of as traveling in two directions. During launching it

would provide a fairly low-drag nose for the boosting system, but during

reentry it would have the desired heat shield in the front. This rever-

sal in attitude also simplifies the support system for the occupant,

since the same couch is properly alined for both the acceleration and

deceleration phases of the flight. The heat shield chosen is the one

with the lowest heating of the four shapes studied.

During reentrythe attitude control system will be used to aline

the vehicle with the flight path. Although this alinement should usually
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be accomplished with sufficient precision, one can expect that either

through error or malfunction the capsule will occasionally enter the

atmosphere with an attitude error. It is assumed that, if no corrective

control is applied, the capsule will develop a pitching and yawing

oscillation.

In reference 8 it has been shown that for a ballistic reentry the

limit envelope of this oscillation is not affected by the degree of static

stability and is independent of dynamic stability down to the point of

maximum deceleration. From this framework it is easy to study the vio-

lence of the residual oscillation at maximum g. Figure 9 shows the

expressions for period and normal acceleration that would be encountered

during an oscillating reentry. The equations shown for P and an were

axm

developed by simply substituting q - CD A into the standard expression

for these quantities. Inspection of the resulting equation for P shows

that the length of the period is directly proportional to the square root

of CD/Cm _. Thus, to decrease the severity of the oscillation, the period
!

may be lengthened by choosing a shape having a higja value of CD/Cm_.

Similarly, the severity of the oscillation may be decreased by reducing

the resulting normal acceleration for a given angle of attack. Here it

is desired to have a large ratio of C D to CN . It can be seen that

from both these considerations the nearly flat nose is very favorable.

It is estimated that this configuration would have a period of oscilla-

tion of roughly 1 second at maximum deceleration and that, with an initial

attitude error of lO° at the start of reentry, the maximum normal accel-

eration would be approximately O.lg.

The particular configuration shown may have negative damping and,

as shown in reference 8, this situation will result in a buildup in

the oscillation amplitude after the point of maximum deceleration is

passed. This amplitude will approximately equal the initial attitude

error of reentry when sonic velocity is reached. In order to determine

the limit to which the oscillation might build up in the subsonic region,

some tests (unpublished) were carried out in the Langley 20-foot free-

spinning tunnel. These tests showed that the configuration oscillated

at an amplitude of approximately 45°. The use of a small drogue para-

chute about one-half the diameter of the capsule reduced the amplitude

of the oscillation to about 20 °. An extendible flared skirt originating

at the maximum diameter essentially eliminated any oscillatory motion.

However, such a device may be too complicated to be practical. An

alternate configuration, the 53° cone shape, was tested and proved to

have very little oscillatory motion.
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It appears very likely that, after initial flights of the ballistic

reentry type of satellite, the need to reduce the size of landing area

which must be kept under surveillance may result in the desire to improve

the landing-point accuracy. For this reason several simple means of pro-

ducing small amounts of lift have been investigated. Figure lO illus-

trates three such schemes.

The use of the attitude Jets provides a simple method for maintaining

control. Because of a low value of Cm_, a high moment arm, and a high

negative CL_ , these Jets appear to be fairly effective in producing

lift. With this arrangement an L/D of O.1 could be produced during

the entire reentry deceleration with an expenditure of approximately

80 pounds of H202. A drag flap is shown to be very effective by some

tests carried out in the Langley ll-inch hypersonic tunnel. (See

ref. 9.) A trimmed L/D of 0.2 may be obtained with a flap area

4.5 percent of the frontal area. Similarly, a small center-of-gravity

shift is also very effective in producing lift.

Figure ll illustrates the effect of a small amount of lift during

reentry. It is seen that with a lift-drag ratio of 0.2 the maximum

deceleration is roughly half of that with no lift. This value will also

stretch the range by 280 miles. Similarly, the landing point may be

deflected to the side by the use of lift. A 90 ° bank angle, for instance,

will provide a lateral displacement of roughly 60 miles with a lift-drag

ratio of 0.1.

These possibilities of variations in range or lateral displacement

of the landing point may be looked upon in two ways. As previously

stated it may be considered as a useful method of correcting errors in

the ballistic path. However it should be pointed out that this condi-

tion should also be considered as an indication that, in the case where

a pure ballistic reentry traJectory is desired, the ballistic path will

be highly sensitive to small aerodynamic misallnements and center-of-

gravity displacements. The employment of a slow rate of spin to produce

an averaging effect may prove to be a necessity in order to avoid this

difficulty. The use of a shape which is incapable of producing lift

such as the sphere would also avoid this difficulty.
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CONCLUDING REMARKS

Preliminary studies have been made of a simple nonlifting ballistic-

reentry vehicle. From the general information available concerning human

tolerance to accelerations and oscillations during reentry and recovery

and from examination of the heating and dynamic problems of several

specific shapes, it appears possible to proceed confidently with a manned

satellite project in which a ballistic-reentry vehicle of this type is

utilized.

Langley Aeronautical Laboratory,

National Advisory Committee for Aeronautics,

Langley Field, Va., March 18, 19_8.
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Figure i.- Approximate human tolerance to acceleration.

from ref, 2.)

(Data obtained

IO
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Figure 2.- Typical reentry deceleration. History starting at

350,000 feet) initial flight-path angle of -0.8 ° .
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Figure 3.- Longitudinal accelerations encountered during launching.

RE-ENTRYz
ANGLE AT

350#00

F_ OEG
DIRECTION OF (REARWARD)_

•200 400 600 800 I,OuO

VELOCITY DECREMENT, FPS

Figure 4.- Descent maneuver required for retrorocket to initiate

reentry from circular orbit at 800,000 feet.
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Figure 5.- Schematic diagram of descent maneuver for elliptical orbit.

4

RE-ENTRY

ANGLE AT 3
350,000
F_ DEG
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6pO0,O00/ _/APOGEE AT

,,ooZ
/ __"-

i I I I I I I
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VELOCITY DECREMENT, FPS

i ,I
1,000

Figure 6.- Required performance of retrorocket for initiating reentry

from apogee of elliptical orbit. Perigee of orbit at 800,000 feet;

rearward impulse applied at apogee.
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OVER ENTIRE FACE
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FLIGHT HISTORY_I _ l
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M

Figure 7.- Variation of Reynolds number with Mach number during reentry

for nearly flat nose; C_ - 33 lb/sq ft. Initial flight-path angle

varied from -0.5 ° to -2.5 ° .
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HEAT
SINK

91

FLIGHT DIRECTION DURING LAUNCHING

FLIGHT DIRECTION DURING REENTRY
IL

Figure 8.- Configuration studled_ ll feet in length, 7 feet in

diameter, weight of 2,000 pounds.
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an = CD

Figure 9.- Normal acceleration and period encountered during

oscillatory reentry.

CONTROL METHOD PERFORMANCE
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Figure lO.- Methods for producing lift.
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Figure ii.- Effect of lift during reentry. History starting

at 3_0,000 feet; initial flight-path angle of -0.8 °.
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